It is crucial to characterize self-regulation in children. We compared the temperamental profiles of children with the Child Behavior Checklist (CBCL) Dysregulation Profile (CBCL-DP) to profiles associated with other CBCL-derived syndromes. 382 children (204 boys; aged 5-18) from a large family study were examined. Temperamental profiles were based on the Juvenile Temperament and Character Inventory (JTCI). . Children with the CBCL-DP had a temperamental profile characterized by high Novelty Seeking (NS), high Harm Avoidance (HA), low Reward Dependence (RD) and low Persistence (P). Linear mixed models and regression-based models demonstrated that the CBCL-DP was associated with a "disengaged" temperamental profile. This profile is similar to the profile seen in adult disorders of self-regulation, including cluster B personality disorders. These results support the hypothesis that the CBCL-DP measures poor selfregulation.
Introduction
The boundaries between temperament and psychopathology have been difficult to disentangle and continue to be an active area of research. There is evidence that pure continuum models between a particular trait and a corresponding disorder may be overly simplistic [1, 2] . In response, some researchers have begun examining profiles of temperament that encompass multiple dimensions. Using the Juvenile Temperament and Character Inventory JTCI [3] , we have previously demonstrated that a small group of children show a particular profile characterized by high Novelty Seeking, high Harm Avoidance, low Persistence, and low Reward Dependence. This "disengaged" profile is furthermore related to impaired competency and adaptive function as compared to a "moderate" group with average levels of all traits and a "steady" profile characterized by low novelty seeking and high persistence [4] . Given that the disengaged profile seemed to index a "push-pull" phenomenon such that children are both attracted to novel situations but tend to be nervous and scared once in those novel situations, we hypothesized that this profile may represent in temperament terms the construct of impaired self-regulation or "Dysregulation". Indeed, Tillman and colleagues have demonstrated that children with clinical levels of mood regulation problems display higher Novelty Seeking, lower Reward Dependence, and lower Persistence than normal controls, consistent with the disengaged profile. Similar patterns have also been observed for children with ADHD [5] .
From a psychopathology perspective, the concept of Dysregulation has been studied in several ways. As work on DSM-5 continues, there has been increased discussion in the literature about children with profound problems with mood dysregulation to the point where a new diagnosis has been suggested to characterize these children [6] . This "topdown" approach has some advantages in that the separation from other DSM-5 diagnoses can be assured. An alternative to using this approach is to use a "bottom-up" approach -to let children be classified into categories of behavior empirically based purely on the symptoms that they report. One such "bottom-up" approach to psychopathological Dysregulation has been to use the Child Behavior Checklist-Dysregulation Profile (CBCL-DP) [7, 8, 9, 10, 11, 12, 13] . This profile, defined as peaks on CBCL scales of attention problems, aggressive behavior, and anxious-depression has been demonstrated to be a useful index of self-regulatory problems in multiple domains [9, 14, 15, 16] and suicidality [7, 17] . Children with this profile are at high risk for poor outcomes in adulthood with recent work demonstrating an odds ratio of 11.6 for drug abuse disorders in children with the CBCL-DP from a general population sample who were followed-up 14 years later as adults [18] . While the characteristics of children with this psychopathological profile have been examined from a behavioral genetic [10, 11] , molecular genetic [12, 13, 19] , phenotypic [20, 21] , and longitudinal perspective [14, 15, 18, 22] , there has been no previous attempt to define this profile in temperamental constructs.
To investigate this issue, the current study examines the temperamental characteristics of children with the CBCL-DP. We hypothesized that children who had the psychopathological profile of the CBCL-DP would be much more likely to have a "disengaged" temperamental profile, suggesting self-regulatory problems. To account for the possibility that this temperament profile simply captures those with a higher psychiatric load in general, we chose to compare children with the CBCL-DP to children with other profiles of psychopathology.
Materials and Methods

Subjects
The participants for this investigation came from a family study conducted in the northeastern United States that was designed to examine the genetic and environmental contributions to attention and aggression. Details of this sample are described in more detail elsewhere [4] . Inclusionary criteria were: (1) proband child between the ages of 6 and 18; (2) proband child living with at least one biological parent; and (3) proband child with at least one sibling between the ages of 6 and 18. If families were able to meet those requirements, they were then sent parent-rater Child Behavior Checklists (CBCLs) to assess levels of behavior problems. Four target groups of probands were sought based on the CBCL. These groups included subjects with (1) T scores greater than 67 on the attention problems (AP) scale and less then 60 on the aggressive behavior (AG) scale; (2) T scores greater than 67 on AG but less than 60 on AP; (3) T scores greater than 67 on both scales; and (4) T scores less than 60 on both scales. Siblings were not subject to any of the T score restrictions placed on probands. The sample was almost exclusively Caucasian with an average score of 6.38 (SD= 2.15) on the Hollingshead SES scale. [23] This included 382 primarily Caucasian (82%) children (46% female) from 193 families. The mean age of the sample was 10.9 (SD=3.1, range = 5-18). All parents provided informed consent and all children provided assent. The data collection was approved by the Institutional Review Board.
Measures
The Junior Temperament and Character Inventory -Parent Version (JTCI) [3] -This instrument is based on the personality structure as described by Cloninger and colleagues and reflects the downward extension of the Temperament and Character Inventory (TCI) [24, 25] . The JTCI is a widely used measure and has good psychometric properties [3] . It is comprised of 108 statements that the respondent rates as true or false based on how the person usually acts and feels. For this study, we assessed the four temperament dimensions of the JTCI, namely Novelty Seeking (NS), Harm Avoidance (HA), Reward Dependence (RD), and Persistence (P). NS relates to a tendency to seek out stimulation and is characterized by impulsivity, extravagance and disorderliness. HA refers to inhibitory behavior and contains elements of worry, shyness, and fatigability. RD considers the tendency to maintain behaviors and includes the degree of sentimentality, attachment and dependence. Finally, P reflects the ability of an individual to persevere despite obstacles or frustration. Mother-report of child temperament was used for the current investigation.
Child Behavior Checklist-Problem behavior was measured with the CBCL/6-18, a questionnaire of 118 items developed to measure problem behavior in 6 to 18 year old children (30) or the previous version of the CBCL/4-18 if aged 5 [26] . Mothers were asked to rate the behavior of the child over the preceding 6 months on a 3-point scale. The scores from the CBCL load onto 8 syndrome scales. The CBCL-DP phenotype has previously been defined for children with clinical elevations on three of these scales: attention problems (AP), aggressive behavior (AB), and anxious-depression (AD) [9] . One of the difficulties with previous examination of the CBCL-DP has been that various cutpoints can be applied to the three scales to determine who is or who is not in this group. For example, previous examinations have used a T-score cutpoint of anywhere between 60 and 70 or have used a summed score of the scales. Instead, here, we defined the CBCL-DP group using latent class analysis (LCA, see below), to identify clusters of individuals with statistical elevations on these three scales without imposing an arbitrary cutpoint.
Temperament profile
Rettew et al. (2008) (26) defined three latent profiles of child temperament: moderate, steady, and disengaged. Using LCA, each profile was characterized by varying loadings on four parent-rated temperament dimensions of the JTCI: novelty seeking (NS), harm avoidance (HA), reward dependence (RD), and persistence (P). These profiles are illustrated in Figure 1 . Two variables representing temperament profiles were used in the current study: (1) probability of membership in the disengaged profile (a continuous variable ranging from 0-1 with a mean of .207, SD=.321); and (2) membership in the disengaged profile (dichotomous variable coded 1=disengaged, 0=member of either moderate or steady profile).
Psychopathology profile
From a previously described LCA [9] , items from the three scales that comprise the DP (AP, AB, and AD) were entered, resulting in a seven class solution. These classes are shown in Figure 2 . Table 1 provides the means on the AP, AB, and AD scales of the individual latent classes, referred to as C1-C7. This seven-class solution was most robust when sex was added as a covariate but age was not. Subsequently, the current analysis includes sex as a covariate but not age. See [9] for more details. The "Dysregulation Profile" class with elevated scores on AP, AB, and AD was identified as class C6 and there was a similar class, called C7, with similar elevated scores on many of the AP, AB, and AD items, but with but without direct aggression.
Data Analyses Descriptive Analyses
All descriptives were performed using SPSS 17.0 [27] . One-way ANOVAs were conducted to examine scores on the four temperament dimensions (NS, HA, RD, and P) by (1) the three latent JTCI temperament profiles and (2) the seven CBCL psychopathology classes. Since participants informants could be from the same family, Games-Howell post hoc analyses were conducted to account for the nested data.
Primary Analyses
To examine the main effects of psychopathology classes on the disengaged temperament profile dependent variable, and to account for the non-independence of these data (e.g., children within families), regression equations using Linear Mixed Models (LMM) analysis were employed, using the variance components covariance structure conducted in SPSS. Unlike General Linear Modeling procedures, LMM analysis models correlated errors that result from non-independent observations [28, 29] . Family number was entered as the group variable to account for correlated errors of subjects within the same family. Probability of membership in the disengaged temperament profile (range = 0-1) was the dependent variable. Psychopathology class (coded 1-7) was the independent variable. In order to compare each class to the CBCL-DP, the class of primary interest, the psychopathology class variable was recoded such that the CBCL-DP class (Class 6) was the last (reference) category. Sex was included in the model as a covariate because it has been shown in previous research to be related to both the temperament profiles [4] and the psychopathology classes [9] used in this study. Because LMM allows only for comparisons against the reference category, post-hoc pair-wise comparisons using the Bonferroni correction were conducted to further explore differences in probability of membership in the disengaged temperament profile between psychopathology classes.
To provide additional descriptive information regarding the size of the relation between each psychopathology class and the disengaged temperament profile, odds ratios were calculated. Specifically, seven logistic regressions (one per psychopathology class) were conducted. For each regression, the dependent variable was disengaged temperament profile membership (1=member of disengaged profile, 0=member of another profile). The independent variable in each regression was a dichotomous class membership variable. For example, for the CBCL-DP class, the independent variable was coded such that 1=member of CBCL-DP and 0=member of another class. It should be emphasized that odds ratio calculations were conducted purely for descriptive purposes in order to obtain a more interpretable and clinically-relevant measure of effect than is available via LMM. The use of 7 separate regressions increases the probability of type I error (i.e., false positives) and thus in cases where LMM and odds ratio tests disagreed, LMM was weighted more heavily in interpretation of results.
Results
Descriptive Analyses
Examining the temperament profiles, there were significant differences between them on all temperamental dimensions in one-way ANOVAs: NS (F(2)=406.17, p<.001), HA (F(2)=4.48, p<.05), RD (F(2)=73.99, p<.001), and P (F(2)=257.40, p<.001). There were also significant differences on the temperamental dimensions among the psychopathology classes in one-way ANOVA: NS (F(2)=46.07, p<.001), HA (F(2)=15.17, p<.001), RD (F(2)=10.22, p<.001), and P (F(2)=19.59, p<.001). Mean NS, HA, RD, and P T-scores for each temperament profile and psychopathology class are shown in Table 2 . Games-Howell posthoc comparisons showed that the CBCL-DP (Class 6) had significantly higher NS (ps<.001) than all other psychopathology profiles. HA scores for the CBCL-DP were significantly higher compared to Classes 1, and 3 (ps<.01), and significantly lower than Class 7 (p<.01). RD scores for the CBCL-DP were significantly lower than those of Classes 1, 3, 4, and 5 (ps<.01). Finally, CBCL-DP P scores were significantly lower than those of Classes 1, 4, and 5 (ps<.001). No other comparisons with the CBCL-DP class were significant. Table 3 demonstrates the numbers of children classified into the three temperamental profiles as a function of psychopathology class.
Primary Analyses
LMM revealed that psychopathology latent class and sex were both significantly associated with endorsement of the disengaged temperament profile (see Table 4 ). While all seven psychopathology classes were significantly associated with the disengaged profile in either a positive or a negative direction, Bonferroni-corrected post hoc analyses illustrated that members of the CBCL-DP class (C6) were significantly more likely to have a disengaged temperament profile compared to the other six profiles (ps<0.001). Specifically, 51% of the CBCL-DP class had the disengaged temperament profile, whereas the prevalence of the disengaged temperament profile among the other CBCL classes was much lower, ranging from 0% (C5) to 23% (C2) (also see Table 3 ). Additionally, C2 (a class with moderate levels of co-occurring AB, AP, and AD) was significantly more likely to belong to the disengaged temperament profile than both C1 (the no or few symptoms class) and C5 (a class predominated by AD) (ps<0.001). LMM results indicated that boys had a higher probability of belonging to the disengaged class compared to girls.
Odds ratios were calculated using disengaged temperament profile membership as the dependent variable and each psychopathology class as a predictor to better describe effect size ( Table 5 ). The logistic regression using Class 5 as a predictor did not successfully converge due to zero members of this class belonging to the disengaged temperament profile. Results were generally consistent with LMM analyses. Those in the CBCL-DP class (C6) were 8.82 times more likely to belong to the disengaged temperament profile compared to youth in other psychopathology classes. Class 1 was significantly less likely to display a disengaged temperament profile compared to the other classes. The 95% confidence interval crossed 1 for the other classes, indicating that members of these other classes were no more or less likely to belong to the disengaged temperament profile. The odds ratio for sex demonstrated that boys were more likely than girls to belong to the disengaged temperament profile.
Discussion
The current findings indicate that youth with the CBCL-DP are significantly more likely than any of the comparison latent classes of psychopathology to display a "disengaged" temperamental pattern characterized by relatively high novelty seeking (NS), high harm avoidance (HA), low reward dependence (RD), and low persistence (P). This temperamental profile has been shown to be related to low functioning and increased psychopathology relative to other empirically-derived profiles [4] .
High HA, which contains elements of shyness and reluctance to engage with peers or in new situations, may seem a counterintuitive characteristic for children who have been described as having "rage attacks" [30] or being "explosive". On the basis of high aggressive behavior, these children do appear prone to destroy their own and others' belongings, to threaten, to attack other people, etc. However, the finding of high HA in these children puts some of those behaviors in a slightly different light. Consistent with endorsement of externalizing problems (e.g., aggression, hyperactivity), these children are simultaneously rated highly on NS. They may enter into new situations readily and without apparent regard for the consequences of their actions, but once there and, unlike their peers with elevations in only the AB or AP scales, CBCL-DP children may be frightened, shy, and uncomfortable. Thus, these youth are prone to distress via both a temperamental "push" and "pull" (i.e., high NS and HA), but also have fewer temperamental resources available to help them delay gratification, cope with distress, and see difficult situations through to resolution. This temperamental profile is similar to those identified in adults with DSM-IV Cluster B personality disorders [31, 32, 33] and is consistent with reports that children with CBCL-DP develop Cluster B personality traits at higher rates than controls [14] . The occurrence of high NS, high HA, and low P among CBCL-DP youth is also consistent with previous studies (e.g., [16] ) that suggest the profile is an indicator of disordered self-regulation.
As self-regulation is a fundamental developmental process, the presence of peaks on attention problems, aggressive behavior, and anxious-depression may be seen in many child and adolescent diagnoses. Given that youth with the CBCL-DP may require a high level of psychiatric care [18] later in life, the ability to identify potential precursors to the development of this impairing syndrome is critical. Prospective study designs are needed to determine whether this temperamental profile can be identified early in development before psychopathology develops or reaches clinically significant levels. Should such studies confirm the relation of early disengaged temperament with later CBCL-DP, prevention efforts can be used to enhance coping skills and self-regulation strategies to decrease risk for CBCL-DP. Given previous work demonstrating the significant shared and unique environmental contributions to the expression of the CBCL-DP found most prominent in early childhood [10, 11] , early intervention in childhood could have tremendous psychosocial benefits.
These findings might also help to describe the likely clinical presentation of youth with the CBCL-DP. In the clinic, a child with the CBCL-DP might be expected to present as a somewhat reluctant contributor to the examination. Interested in the novelty of the situation and hyperactive by nature (high NS), his initial reluctance may be observed as shyness or timidity (high HA). Outside the office, impulsive lashing-out may be reported in situations both when the child is more comfortable and when the child's anxiety overwhelms his decreased regulatory capacity. In response to clinician recommendations, there may also be a reduced ability to stick with the goals that are set for him (low P). Difficulty navigating out of such responses may be compounded when one considers that one or both of his parents may have a similar temperamental profile (given the high heritability): a possible example of what may be described as a poor "fit". Clearly this lack of fit may be one contributor to a poor outcome in a child's life [34] .
There are limitations to our study. First, this was a cross-sectional study and thus causality, or direction of effect, cannot be confirmed. Additional research studies, including prospective investigations of these associations, are necessary to better determine causation. Relatedly, while the boundary between temperament and personality remains unclear, temperament is generally thought to precede personality and contribute to its development [35, 36] . Both constructs have been found to be moderately stable, although certainly not unwavering over time [37, 38] . Second, method invariance associated with the use of only mother reports could have artificially inflated associations. Replication studies should implement multiple informant and observational methods of assessment to address this limitation. Finally, the sample used in this study was originally selected in order to study attention problems and aggression in clinically-referred youth and their families. Therefore, our findings may not be generalizeable to the general population and should be replicated in more representative community and clinical samples. It is important to note, however, that the sample also included unaffected siblings of the clinic-referred probands, which does improve generalizability.
Summary
The current study employed a person-centered approach to the analysis of temperament and psychopathology (i.e., LPA & LCA). The advantages of using a person-centered approaches to data analysis to complement a more traditional variable-centered approaches have been outlined in previous literature [39] . These methods allowed us to capture the heterogeneity in individual patterns of temperament and psychopathology in a way that is not possible using traditional variable-centered approaches. These person-centered data analytic approaches provided a means by which we could utilize previously established empiricallyderived patterns of traits and behaviors that have been suggested by other studies, deriving these constructs primarily from theory (e.g., [40] ). The convergence of these methods, resulting in empirically-identified person-centered profiles and classes consistent with theory and variable-centered analyses (e.g., [16] ), further supports the use of the CBCL-DP to measure poor self-regulation, measured here by temperament. Pending replication and examination of temperament and the CBCL-DP longitudinally, we believe that clinical applications targeting pre-clinical levels of the CBCL-DP and/or the related temperamental profile (i.e., disengaged) can have a significant impact on the prevention of not only clinical levels of CBCL-DP, but also of suicidal behavior, substance use disorders, and mood and anxiety disorders [18] . Psychopathological classes (Based on Althoff et al. [9] ) Table 1 Mean CBCL Attention Problems, Aggressive Behavior, and Anxious-Depressed T-scores by psychopathology latent class. Cross-tabulations of psychopathology classes, sex, and temperament profiles Results of linear mixed model for disengaged temperament profile compared to psychopathology classes. 
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